Relationship between Induction of Thymidine Kinase and Potentiation of Growth of H-1 Virus by Human Adenovirus 12
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The parvovirus, H-I, undergoes an abortive cycle of growth in secondary human embryonic lung (HEL) cell cultures, but replicates in several stable cell lines of human origin (Toolan & Ledinko, I965; Toolan, 1968) . In HEL cells, H-I infection causes the formation of capsid proteins, without the production of infective virus . Mixed infection with human adenovirus type I2 allows H-I virus to complete its development (Ledinko & Toolan, I968; Ledinko, Hopkins & Toolan, I969) . At present, the events of the adenovirus growth cycle required for H-I virus are not known. The restriction in HEL cells of H-I virus, which contains single-stranded DNA (UsateguiGomez et al. I969), may involve an inhibition of viral DNA synthesis. It is possible that some enzyme concerned with DNA synthesis, and induced by adenovirus, can function in the synthesis of active H-~ virus. It has been reported that adenovirus infection enhances thymidine kinase activity in various cells (Bresnick & Rapp, I968; Ledinko, 1967a; Takahashi, Ueda & Ogino, 1966) ; we have found that thymidine kinase is also induced in HEL cell cultures infected with adenovirus I2. The relationship between the time of enzyme induction and formation of infective H-1 virus in HEL cells mixedly infected with both viruses has been examined and the findings herewith presented. A stock of plaque purified H-t virus was prepared in SV4o transformed newborn human kidney (NB) cell cultures . Plaque purified oncogenic human adenovirus type I2 was produced in human embryonic kidney (HEK) cell cultures (Ledinko, I967a) and was free from adenovirus associated viruses as shown by electron microscopy (Atchison, Casto & Hammon, 1965 ; Melnick et aL I965). The plaque method of H-I virus assay on Salk 'monkey heart' (SMH) monolayer cultures has been described (Ledinko, I967b) . In testing yields from mixedly infected cells, it was observed that adenovirus I2 formed pinpoint plaques in SMH cultures at an efficiency of about 1% of the plaque score in HEK cultures. Specific adenovirus I2 rabbit serum was, therefore, added to the agar overlay medium in excess of the amount required to neutralize > 99 % of adenovirus. The plaquing efficiency of H-I virus was not affected by this procedure. Adenovirus I2 was titrated by plaque assay in HEK cell cultures (Ledinko, I967a) ; H-1 virus did not produce plaques in these cells.
For infection experiments, secondary cultures of HEL cells were prepared as previously described (Ledinko & Toolan, I968; Ledinko et aL 1969) . Confluent or nearly confluent monolayer HEL cell cultures, containing approximately 2 x io 6 cells in a 60 mm. Petri dish, were washed twice with Hanks's balanced salt solution, and o.2 to o'4 ml. of virus suspension was added to the cell layer. The m.o.i, of H-i virus was ~3 to I6, and that of adenovirus I2 was 25 to 3o, in different experiments. After adsorption for 1 to 2 hr at 37 °, the cells were washed twice, covered with 3 ml. of medium consisting of Eagle's minimal essential medium containing 4 % foetal calf serum and I mM arginine, and incubated at 37 ° in a humidified mixture of 5 % carbon dioxide in air. Control cultures were treated under the same conditions, but no virus was added. From 2 to 4 infected and control cultures were collected at various times for growth curve determinations or for the Short communications preparation of enzyme extracts (Ledinko, 1967 a) . The assay for thymidine kinase has been described (Ledinko, ~967a) . The thymidine kinase activity of HEL cells infected with adenovirus I2 was 7-to 8-fold higher than that of non-infected cells at 7I to 96 hr after infection (Table I ). After mixed infection with H-I virus, however, the levels of enzyme activity were reduced by approximately 50 to 60 %. This apparent inhibition of enzyme induction was not related to any inhibition of adenovirus growth, since approximately the same plaque score of adenovirus formed after single or mixed infection. The decrease in thymidine kinase appears to be related to active H-I virus growth, since the enzyme activity was not changed in cultures infected by H-I virus alone. The finding that a decrease in thymidine kinase activity occurs in several cells productively infected with H-I virus (Cocuzza et al. I967, Fong, Toolan & Ledinko, 1969 ) supports this view.
To determine whether extracts prepared from cells infected with both H-I virus and adenovirus contained dissociable inhibitors of thymidine kinase, extracts prepared from cells mixedly infected for 7I to 96 hr were combined with extracts from adenovirusinfected or non-infected cells. The activity of the mixtures was in all cases within lO to 15 % of the value expected from the sum of the activities of the individual extracts in the mixture. Thus, no dissociable inhibitors were detected in extracts from cells infected with both H-1 virus and adenovirus.
The time of appearance of new H-I virus in relation to the induction of thymidine kinase activity by adenovirus was investigated. In cells simultaneously infected with H-1 virus and adenovirus 12, a latent period of about 24 hr was required before growth of either virus could be detected (Fig. I) . The infectivity of H-I virus subsequently increased approximately loo-fold in 46 hr, when virus formation was more than 80 % complete. In contrast, maximal adenovirus yields were found at 96 to IZO hr. Increased thymidine kinase activity in cells infected with adenovirus alone was first observed at 32 hr postinfection, and at 72 hr the activity reached its maximal level. In cells infected with both H-1 virus and adenovirus, however, an increase in enzyme activity was not detected until about 46 hr post infection. At this time the growth of H-I virus was virtually complete. It appears, therefore, that the enhancement of thymidine kinase activity in HEL cells infected with adenovirus 12 is not essential for formation of H-1 virus. 
